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2、基于 SERS 光谱的 pH 传感器的制备及对细胞内微环境响应研究 
在不同 pH 环境下某些分子由于发生质子化及去质子化过程导致结构发生改
变，从而引起 SERS 光谱的变化。根据此原理可制备 SERS pH 传感器，用于细
胞内微环境 pH 值变化的无创动态检测。本论文从 SERS pH 传感器在细胞内复杂
环境中的准确性及可靠性问题出发，系统地研究了不同保护层包裹分子对 pH 响
应灵敏度、pH SERS 传感器的稳定性、在细胞复杂环境中 pH 传感的重现性和可
靠性。将这种 pH SERS 传感器应用于细胞内 pH 值及细胞内物质变化的实时传感


















粒子。与常规 Au@SiO2 纳米粒子不同，这种 Au@organosilica 纳米粒子壳层中富
含丰富的巯基，可以很方便地进行进一步荧光分子或生物分子的修饰。在对其形
貌、光学性质、稳定性及生长机理研究的基础上进一步发展了含有拉曼分子和荧
光分子的 F-SERS Au@organosilica 多功能性纳米粒子，并将这种集拉曼、荧光、
瑞利散射多种光学性质为一体的纳米粒子应用于细胞的多模式多组分成像及相
关生物研究。 
4、SERS 在标记免疫检测中的应用由固相免疫检测至胶体 Au 免疫层析法快速
诊断及癌细胞检测 
以 SERS 标记免疫 Au 纳米粒子为基础对乙肝病毒表面抗原（HBsAg）分别
进行了常规固相免疫检测及胶体 Au 免疫层析快速诊断，并进一步对肝癌细胞
（BEL-7402）进行特异性识别检测。比较了静电偶联法及共价偶联法对 SERS





















    Cells are the basic unit of life. The signal transduction between cells is the basis 
for the realization of various life activities and functions. The occurrence and 
development of disease is closely related to the changes in cell membrane, cell 
apoptosis and the cell division, etc. The researches on living cell and single living cell 
have received increasing interests. More and more techniques including fluorescence 
spectroscopy, scanning probe microscopy, microfluidic technique, capillary 
electrophoresis have found their application in this field. However, most of these 
techniques are invasive and may alter the original state of cells, and are unable to 
obtain the detailed information of inner cell structures at the molecular level. 
Surface-enhanced Raman Spectroscopy (SERS) has extremely high detection 
sensitivity for surface species and can provide fingerprinting informations of the 
surface species for determining structure and chemical composition of sample. 
Compared with IR, fluorescence and other spectroscopic techniques, SERS is 
especially suitable for biological system for the following reasons: (1) negligible 
interference of water signal; (2) no bleaching effect; and (3) red-laser excitable to 
avoid the inherent background. This dissertation aims at developing SERS-based 
method for studying living cell and related biological systems. The main contents and 
obtained results are as follows: 
1. Application of SERS in the direct detection of cell membrane composition  
After being removed of contaminations by centrifugation, Au nanoparticles were 
added onto the cell surface membrane directly to monitor released material and 
dynamic processes of the cell membrane. The results reveal that this method can be 
used to indentify the composition of cell membranes of normal cells and cancer cells. 
A second way to directly use SERS is to assemble Au nanoparticles on a 
substrate, which was used for the direct detection of cell membrane proteins. By using 
a combined method of chemical adsorption of iodide and electrochemical oxidation of 
the absorbed iodide, the contaminants introduced during the chemical synthesis and 
assembling process can be removed. In this way, the interference of the contaminants 















be minimized. The obtained clean substrates were then used for the study of the cell 
membrane composition and the distribution of different membrane proteins. 
2. Preparation of SERS pH sensors and its application in detection of the inner cell 
microenvironment  
Some Raman probes will change their conformation under different pH condition 
as a result of protonation and deprotonation process. As a result, their SERS spectra 
will change at different pHs, which is the basis for the SERS pH sensor. Compared 
with the traditional pH sensor, SERS pH sensor can detect the dynamic pH value 
changes of inner cell microenvironment noninvasively. Focusing on the stability and 
accuracy of the SERS pH sensor when it is applied in the complex cell systems, the 
present thesis systematically investigated the effect of different protecting molecules 
on the sensitivity, stability, reproducibility and reliability of the SERS pH sensor. The 
SERS pH sensor was used for pH sensing and monitoring of the dynamic composition 
variation of living cells. The distribution of the sensor inside the cell was investigated 
by TEM and SERS mapping.  
3. Preparation of multifunctional nanoparticles and its application in multimode 
imaging of living cell. 
Multifunctional Au@organosilica nanoparticles with high stability were 
synthesized by direct hydrolyzing of MPTMS in an aqueous solution. Different from 
normal Au@SiO2 nanoparticles, the shell of Au@organosilica nanoparticles consists 
of free sulfur groups, which will easily be modified with fluorescence and biological 
molecules. After systematically investigating the morphology, optical properties and 
growth mechanism of Au@organosilica nanoparticles, we synthesized multifunctional 
Au@organosilica nanoparticles containing Raman reporters and fluorescence 
molecules (F-SERS Au@organosilica nanoparticles). The obtained nanoparticles 
combined SERS, Rayleigh scattering and fluorescence signals, which can be used as 
multimodal tracers for living cell imaging and related biological research. 
4. SERS labeled immunoassay detectionfrom solid phase immunoassay to lateral 
flow immunoassay and cancer cell detection  















immunoassay and lateral flow immunoassay method, which was then used for the 
detection of hepatitis B virus surface antigen (HBsAg). The specific interaction of the 
functionalized nanoparticles with human liver cancer cell (BEL-7402) was also 
detected. The effect of static charge coupling and covalent coupling on the SERS 
labeled immunoassay method was discussed. Meanwhile, the feasibility and 
challenges of improving the detection sensitivity of lateral flow immunoassay 
detection by using SERS technique were analyzed. 
 
Keywords: Surface-enhanced Raman Spectroscopy (SERS), cell, multifunctional 
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